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ABSTRACT

Brief Background: On the 30" anniversary of Bhopal Gas Tragedy, we did a search to find out whether there is a
subject called Dental Toxicology that is taught in Dental colleges. The result was there was no college in India
which taught toxicology as subject or associated with Oral Medicine. The Bhopal gas tragedy is one of the worst
chemical disasters where Methyl Isocyanide (MIC) had lethal short term consequences and serious long term
toxicity, genetic instability, probable carcinogenicity, high degree of reproductive effects and teratogenicity. Any
tragedy of this magnitude should have made any country sit up and take a vow to prevent any future such incidence
in the industry.Discussion: In the field of dentistry normally many potential toxic chemicals are used often on the
patients in prosthesis and tooth restoration. These include substances such as Amalgam, triclosan (proven
carcinogen), methyl methacrylate, MERCURY, fluoride, polychlorinated biphenyls, BPA ,epoxy resins, composites,
implants, artificial crowns etc., which may be toxic to human health, which may cause genetic mutations and even
carcinogenic'Both FDI (Federation Dentaire Internationale) and IAOMT (International Association of Oral Medicine
and Toxicology) in 2013 positively support dentistry free of mercury to begin with, by either reducing mercury in a
phased manner or totally Mercury Free Dentistry. Summary and Conclusion: The key areas are: Including the
subject of TOXICOLOGY and mechanisms of toxicity not only in medical education but also in dentistry and
anything connected to health sciences as a separate subject. This did not happen even after 30 years. With this paper
we would like to highlight the potential toxic chemicals, alternative to such chemicals, Identification and how to
avoid such toxicity in dentistry.Did Bhopal Tragedy wake us up as a country or is India in deep SLUMBER??
Keywords: Toxicology; Toxicity; IAOMT; Dental Curriculum, Medical education, toxic chemicals.

Introduction

As per Hindu Mythology during “Samudra Manthana”,
a tug of war between the angels and demons, After
churning the eternal ocean, a very concentrated form of
poison known as ““ Aalahala” was produced. And after
churning further a life-giving potion called “Amrutha”
was obtained. This probably suggests that anything in
the most concentrated form and of high potency is a
poison and diluting it brings out a property of the drug,
which is beneficial.
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(AmitheAmruthamVisham)- Exceed the dose, even the
life-giving potion turns poisonous - runs a Sanskrit
proverb (An ancient saying over thousands of years
becomes a proverb).Ancient Indian contribution to the
science of medicine appears to be that, at high doses
most of the substances exhibit  poisonous
characteristics and the corollary that, take a poison and
dilute it, the drug characteristics emerge.

“What is there that is not poison? All things are poison
and nothing (is) without poison. Solely the dose
determines that a thing is not a poison.” -Paracelsus
(1493-1541) — Father of Toxicology according to
Western Science.

It was one of the deadliest midnights in the history of
India on 2"%/3™ December 1984, when the disaster that
took place, shook the whole world at once. Thousands
and thousands of people were killed by the chemical
that was leaked out from the Union Carbide Factory at

Bhat and Rao
www.apjhs.com

ASIAN PACIFIC JOURNAL OF HEALTH SCIENCES, 2018; 5(3):225-232 225


mailto:sagarbhat1994@yahoo.in

Asian Pac. J. Health Sci., 2018; 5(3):225-232

e-ISSN: 2349-0659, p-I1SSN: 2350-0964

Bhopal, India. At that time the Indian population was
somewhere around 800-900 million people, but not
even a SINGLE citizen in India could recognize what
was that chemical that caused this deadliest chemical
disaster by killing thousands and thousands of people.
Any tragedy of this magnitude should have made any
country sit up and take a vow to prevent any future
such incidents in industry. Bhopal gas tragedy is one of
the worst chemical disasters where Methyl Isocyanide
(MIC) had lethal short-term consequences and serious
long-term toxicity, genetic instability, probable
carcinogenicity, high degree of reproductive effects
and teratogenicity.

What is TOXICOLOGY?

The subject that deals with the unwanted effects of any
substance  (drugs, chemicals, xenobiotics) s
Toxicology. Toxicology is the study of the poisonous
effects of substances. So, every substance is a poison
until proven otherwise. For example: Curarie(muscle

relaxants — extracted from South American Arrow
Poison), Tetarodotoxin(extracted from toad skin),
Nicotine, Salicylic Acid (Adathoda plant) etc, before
the drugs therapeutic effect, their poisonous effects
were known in almost all of them. (Figure 1 and 3)
Quadrants of Toxicology (Figure 2):

There are four quadrant effects of toxins : All the
substances can be classified as based on effects into
four quadrants:

v Observable and Controllable.

v Observable and Non Controllable.

v Non Observable and Controllable.

v Non Observable and Non Controllable.

These toxins have three types of effects like Systemic
and Target Organ toxicity (short term toxicity and long
term toxicity), Genotoxicity (Mutagenicity and
Carcinogenicity) and Teratogenicity (which affects the
fetus).

Importance of Nutrition on General and Dental Health and Toxins (Figure 4)
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Fig 4:Triangular relationship between Nutrition, General Health, Dental Health and Toxins

Which is not stressed by most of the dental clinicians!!
Nutrition and toxicity go hand in hand[8,9]Probably
food is the major medium through which the toxins
enter the body[24]Toxins can enter through the food,
alter the metabolism and be the cause of lifestyle
disorders and this third factor explains sudden increase
in the incidence of these disorders[10,24]
Obesity risks: Obesity risk may be due to 3 major
factors[11,12]
e Genes: Lifestyle, Diet, Genetic Legacy, Natural
variation and random mutation (Genetic Drift) in

genes controlling hypothalamic energy balance set
points (DRIFTY GENE HYPOTHESIS)[12,13]

e Epigenetics: Heritable changes and modifications
in DNA that don’t alter DNA sequence eg.DNA
methylation and covalent modification of histone
tails, is involved in basic cell functions including
proliferation, differentiation and growth[13,14]
DNA methylation patterns are affected by
environmental influences like in-utero
environment, exposure to xenobiotics and stresses
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which are responsible for susceptibility to
obesity[14,15]

e Fetal Environment: Increased susceptibility to
obesity can be programmed in-utero, early and
post natal life. FETAL ORIGIN OF ADULT
DISEASE HYPOTHESIS — Studies in women and
experimental models clearly indicate the maternal
diet and body composition during pregnancy
influence aspects of metabolism and appetite
regulation in offsprings[16,17]

Disciplines of Toxicology:

Discipline 1:--Drug Toxicity: the organism as a system.

It is also called as Target organtoxicology. It shows the

mechanism and sights where toxicities can be

produced[26] (Figure 5)

Discipline 2:--environmentaltoxicity: a global system.

It s also called as predictivetoxicology. Technologies

developed at different levels of presence of toxins in

the environment, in the contact, in the body fluids and
then biomarkers which they produce. Predictive

Toxicology. Eg: Dioxin in the environment [27,31].

(Figure 6)

Toxicity Related to excess caloric intake/obesity:

Adaptive and physiological response to positive energy

balance produced as a result of overeating and

inadequate physical activity result in toxicity over long
term[18]Short term coordinated changes in metabolic
pathways in white adipose tissue in response to
overfeeding results in excess energy storage in form of
triglycerides and increase the size of pre-existing
adipocytes(hypertrophy), and this also leads to
formation of new adipocytes through
hyperplasia[17,18]Plasma concentration of Non-
Esterified Fatty Acids (NEFA) leads to increased
ingestion of high fat diets leading to hydrolysis of
triglycerides in fat and accumulation of triglycerides in
non-adipose tissues like liver, skeletal muscle and
pancreas as lipid droplets[16,17] So excess of NEFA
and lipid metabolites leads to direct and indirect toxic
actions leading to insulin resistance, inflammation and
tissue damage[26]. So adipose tissue from obese
individuals release chemokines and cytokines called as

ADIPOKINES, which contributes to metabolic

inflammation[4,5] The NEFA and other factors

released from adipose tissue contribute to the metabolic
syndrome “Met S” in obese people[26-28]Metabolic

Syndrome is a cluster of lifestyle disorders. This

includes increased serum insulin and cancer risk

associated with obesity, insulin resistance, disruption in
lipid homeostasis (Dyslipidemia), elevated Blood

Pressure, increased risk of development of

Cardiovascular Disorder, Non Alcoholic Fatty Liver

Disease =~ (NAFLD), Reproductive  dysfunction,

increased overall mortality and decrease lifespan with

increased  calorie intake, body weight and
adiposity[6,7]But  Calorie  Restriction (CR) has
substantially shown to increase Lifespan[29.30]

Role of Toxicology in dentistry:In dentistry, there are
many potential toxic chemicals, used often on the
patients in preparing prosthesis and tooth restoration.
These include substances such as Amalgam, triclosan,
methyl methacrylate, MERCURY, fluoride,
polychlorinated biphenyls, BPA ,epoxy resins,
composites, implants, artificial crowns etc.,which may
be toxic to human health, which may cause genetic
mutations and even carcinogenic[34,31] Both FDI
(Federation Dentaire Internationale) and IAOMT
(International Association of Oral Medicine and
Toxicology) 2013 positively support dentistry free of
mercury to begin with, by either reducing mercury in a
phased  manner or totally  mercury free
dentistry[1,2,31]International ~ Association of Oral
Medicine and Toxicology (IAOMT):In 1984, thirteen
dentists were discussing a seminar they had just
attended on the dangers of mercury from dental
amalgam fillings. So, like thirteen musketeers vowing
“all for one and one for all,” they set out to find the
evidence, or failing that, to sponsor new research that
would provide the answers they sought.The
fundamental Mission of the association was: to
promote the health of the public at large. Essentially,
the Academy shall continually examine and compile
scientific research relating to the biocompatibility or
oral/dental materials. This agenda also ensured a more
informed use of these materials in clinical practice.
Within these confines, the Academy helped to
Accumulate and disseminate scientific information,
Promote relevant research and education,
Promote funding for relevant research,
Promote education of  the  public,  professional
organizations, and other groups, by providing scientific

information, ~ promote non-invasive  scientifically
sound therapies, provide advisory  services if/when
required.

Role in education: shows the public that they are up
to speed in the basics of biocompatible dentistry, and
methods for safely dealing with mercury exposure from
amalgam.

Role in public Education in specific: They support
the effort to inform consumers about health risks from
amalgam mercury and water fluoridation, and support
efforts toward eliminating these risks. They have
testified before regulatory agencies about the
environmental effects of dental mercury in wastewater,
and support regulations to separate mercury from the
waste stream of dental offices.
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Discussion

Dioxin (1,3,7,9-TetraChloroDibenzoDioxin: TCDD) :
It acts Receptor as AhR, shared with the pollutants,
xenobiotics and endogenous compounds, It helps in
Induction of XMEs (CYP1Al) which helps with
adaptation and stress response and lastly helps in
Regulation of dozens of othergeneS[31]

Seveso Dioxin Disaster, Italy( AParadoxical
Classical Disaster)_: On July 10, 1976, an explosion at
a northern Italian chemical plant released a thick, white
cloud of dioxin that quickly settled on the town of
Seveso, north of Milan. Its effects on people was:
nausea, blurred vision and, especially among
children, the disfiguring sores of a skin disease
known as chloracne. Early health investigations
including liver  function, immune function,
neurologic impairment, and reproductive effects
yielded inconclusive results. Chloracne was the only
effect established with certainty. Dioxin Contamination
during Dioxin Disasater at Times Beach, Missouri,
Mississippi ( Double Disaster)[31].Current studies
suggests that apart from widespread toxicity due to
mercury among dental patients and workers, there are
other environmental toxins like 7,12-
Dimethylbenz[a]anthracene  (DMBA),  Tributyltin
(TBT),Biphenyl A(BPA),anticancer chemotherapy(CT)
and Total Body Irradiation (TBI) which can cause
abnormalities in dental development in the fetus and
probably other organs as well. The evidence comes
from:Study done by EijaSamela suggests that maternal
smoking during pregnancy can reduce child’s tooth
size. One main component of tobacco smoke is 7,12-
Dimethylbenz[a]anthracene(DMBA) and organic tin
compound Tributyltin(TBT) has shown to impair bone
formation and mineralization in experimental animals
but its effect on tooth has not been studied earlier.
Exposure to organic toxicants, well established cause
for enamel hypomineralization is excess fluoride
intake[32] Exposure to DMBA, TBT significantly
reduced the size of tooth germs, impaired deposition
and mineralization of enamel and dentin. TBT
exposure has moderately enhanced apoptotic cell death
mainly in epithelial tissues in first molar, in tooth
germs it reduces Osteocalcin (Ocn) gene expression in
odontoblast but increase its presence in epithelial
compartment of tooth and it reduces matrix
metalloproteinase 20 (Mmp-20) expression in both

compounds may react with fluoride leading to
interference with dental hard tissue formation. This
work  provides  experimental  evidence  that
developmental toxicity of fluoride and digoxin is
potentiative and it also showed that structurally and
mechanistically different chemicals impair tooth
development at relatively low concentration[32]

PaivaiHoltta**studied the effect of high dose anticancer

chemotherapy(CT), Total Body Irradiation(TBI), & age

at Stem cell transplant Recipient(SCT) in relation to
tooth agenesis, microdontia and root crowns(R/C)
ratios of permanent teeth in 56 SCT. Conclusion is in

SCT, the effect of high dose anticancer CT & TBI on

developing tooth were marked. All the patients were

affected. High dose anticancer Ct caused severe
damage. TBI caused aberration in teeth of all SCT’s.

Trouble in India at different levels

* At Government Level: The trouble in India is the
Policy makers or the Government as such, are not
giving importance that is required regarding
toxicity, toxic effects caused by any drug or
chemical that is used on the patients as such during
the treatment and its overall effect on the
environment.

* At Institutional Level: This is because both
medical and dental colleges do not have
Department of Toxicology, and even if they have
they don’t emphasize the importance of having a
knowledge about each chemical that is used in
each procedure of the treatment.

e At Student Level: Toxicology as a subject was
not taught in any medical or dental colleges or
ordinary colleges then in 1984 nor is it being
taught now.

Implications: In dentistry as in other health fields

sometimes we use substances knowingly or

unknowingly which results in harming the patients.

Sometimes the unborn child or the dental practitioners

who handle harmful substances as exemplified by

Mercury in amalgams are also affected. The effort to

have “Mercury free dentistry” is a step-in preventing

toxicity. There are other substances as we have

mentioned and still others to come in the wake of a

new subject the S0 called NANO

Particles/Nanotechnology, which can not only cause

nanotoxicity but also nanopollution and the dental

community should be alert to the potential dangers of
any substance. So introduction of a subject like
toxicology will spread awareness and prevent tragedies

ameloblast and odontoblast[17,32]TBT can be like Thalidomide,Minamata disease, Bhopal gas
transferred to infants through breast feeding. During disaster etc.

the use of fluoride toothpaste by child, these
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Fig 1: Since all the subjects have directly or indirectly derived their strength from Toxicology or toxins. This
could even be termed as a - THE MOTHER OF ALL BIOLOGICAL SCIENCES. (Courtesy: Casarett and
Doull's Toxicology: The Basic Science of Poisons, 8" edition,Curtis D. Klaassen).
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Fig 2: The world of toxicology which is represented in the form of Four Quadrants. (Courtesy: Casarett and
Doull's Toxicology: The Basic Science of Poisons, 8" edition, Curtis D. Klaassen).
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Fig 3: Contribution of toxicology to those science — Toxicology encompasses different field — mother of
biological sciences. (Courtesy: Casarett and Doull's Toxicology: The Basic Science of Poisons, 8" edition,
Curtis D. Klaassen).
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Fig 5: Drug Toxicity. (Courtesy: Casarett and Doull's Toxicology: The Basic Science of Poisons, 8™ edition,
Curtis D. Klaassen)
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Fig 6: Environmental Toxicity. (Courtesy: Casarett and Doull's Toxicology: The Basic Science of Poisons, 8"
edition, Curtis D. Klaassen)
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